INTRODUCTION
Every chemistry teacher has probably faced students who do not like chemistry, consider the course boring, difficult and hard to understand, and cannot see the connection between the abstract terms they learn with the practical application of chemistry in their everyday lives. This phenomenon is common for different countries and different educational systems; thus, there exists a growing need among chemistry teachers and researchers in the field of chemistry education to identify the causes of problems in learning chemistry and to find adequate methods to solve them.
Although it is known that problem-based learning and learning through discovery lead to higher levels of cognitive engagement in students [1] , lectures still dominate in schools in the Repub-lic of Serbia. On the other hand, individualized teaching and student-centered learning are rarely implemented [2] . Chemistry education (general, inorganic and organic) is also dominated by frontal work of teachers [3] . Based on the results of the PISA evaluation of school achievement, it is evident that the average level of scientific competence of students in Serbia is 56 points lower than the OECD average. Bearing in mind that one year of education in OECD countries contributes to an increase of around 40 points on the PISA scale, it can be concluded that students in Serbia should be provided with one and a half years of additional education to catch up with their peers from OECD countries in terms of scientific competence [4] .
Due to the growing importance of chemistry in modern life, both for individuals and for society as a whole, in recent years, the number of investigations aimed at identifying the difficulties that students and teachers face in the teaching process has increased. The fact that there are many difficulties in teaching [5] and learning chemistry [6] have been confirmed by many studies.
One of the essential problems is the fact that chemical content is studied at three levels (macroscopic, submicroscopic and symbolic levels), of which only one is directly accessible to the senses [7] . In addition, there is a shortage of time available for the implementation of a demanding curriculum. In R. Serbia, chemistry is taught for only two school years in elementary school; thus, it represents a great challenge for the teachers of chemistry to enable their students to adopt many important concepts which are the basis for their further education. The learning difficulties encountered in the learning process and student low achievement in chemistry are related to the complexity of the content. Even in the initial course of chemistry, students are expected to master chemical symbolics and terminology, and to adopt a large number of abstract concepts.
Sirhan [6] gave an overview of the chemical concepts which are difficult to grasp for many chemistry students: the molecular concept, atomic structure, kinetic theory, thermodynamics, electrochemistry, balancing redox equations and stereochemistry, chemical bonding, solution chemistry, etc. Other research suggests that understanding the acid-base concept is particularly difficult and often misinterpreted by students [8, 9] . Hydrolysis is one of the most important concepts in this field and is the source of many misconceptions. The results of the research carried out by Orwat, Bernard and Migdal-Mikuli [10] point out the difficulties in understanding the salt hydrolysis process, even in students who are exceptionally interested in chemistry. These ambiguities have roots in the lack of understanding of other basic concepts that are needed to understand the process of hydrolysis. Besides the obvious use of inaccurate analogies, a lack of laboratory practice may also be the cause of an incorrect explanation of the hydrolysis process.
Difficulties in studying chemical equilibrium were recorded in numerous studies [11] [12] [13] [14] . Van Driel and Gräber [12] have pointed out the difficulties in studying various parts of the chemical balance concept, from understanding the nature of reversible reactions to understanding the Le Chatelier's principle.
A review of earlier research based on learning problems in teaching the topic of oxidationreduction reactions indicates problems for both teachers [5] and students [15] . Some of the identified problems in learning appeared to be the relative strength of oxidizing and reducing agents, the concept of oxidation numbers, and the identification of redox reactions.
Based on the above, it can be concluded that it is necessary to improve the entire teaching process in order to facilitate the process of chemistry learning. Learning from the framework of the paradigm of learning styles suggests that advancement of the entire teaching process implies an understanding of individual students' differences in terms of learning [16] . Researchers and practitioners in the field of chemical education have become interested in studying the learning styles of students, and such results could be directly applicable in chemistry teaching [17] . Numerous studies have shown that understanding a student´s learning style can influence the teacher´s pedagogical approach and hence cater for the student´s preferred style. Researchers propose designing an instructional environment in accordance with students' preferences based on findings regarding the differences in the learning styles of students of high and low academic achievement [18] . Recognizing and respecting students' learning styles is a prerequisite for adapting teaching styles to individual student's needs [19, 20] . By knowing the learning styles, teachers can assess an individual student's needs more accurately and design strategies to enrich the teaching process accordingly [21] .
Learning style
The theoretical background of this paper is Kolb's Experiential Learning Theory, which is a comprehensive model and one of the most influential theories in the field of learning styles [21] [22] [23] .
Experiential learning theory defines learning as a process of grasping and transforming experience. According to ELT, the learning process is seen as a cycle based on the contextually sensitive resolution of creative tension between four modes of learning: concrete experience (CE), which emphasizes feeling, reflective observation (RO), which emphasizes reflecting, abstract conceptualization (AC), which emphasizes thinking, and active experimentation (AE), which emphasizes doing. In the learning cycle, CE (feeling) creates a need for learning, which induces reflective observation (watching). Reflective observation is accompanied by the development of new concepts (thinking) that allows new knowledge to be integrated into existing knowledge. Finally, this integration results in action (doing). Since this action changes the already acquired knowledge, new experience is obtained and the cycle is repeated. According to Kolb's experiential learning theory, it can be said that experience is the foundation of learning. Kolb states that it is very important to emphasize that not all phases of the learning cycle are equally important for students. Depending on the student's preferred phase of learning cycle, their way of learning is dominated by one of the following four learning styles: accommodating, diverging, converging and assimilating [24, 25] . Students who prefer the diverging learning style are imaginative and emotionally sensitive; thus they have broad cultural interests and like being informed. Their approach to solving problems is unsystematic, but it is more creative than that of students who prefer other styles of learning. In formal learning situations, individuals with divergent learning styles tend to attract attention and get feedback on their work. They are interested in group work and listening [25] , and aspire to answer the question "Why is this important?". Teachers should operate as facilitators [26] and motivators [16, 17] in order to effectively work with these students.
Students who prefer the assimilating learning style are less focused on people and more interested in abstract ideas and concepts [24] . They want to know the facts and present them in an organized and logical form. They aspire to answer the question "What is the concept?" [17] . They are good at systemizing a wide range of information into a logical structure. Instead of making premature decisions, they ponder thoroughly and carefully. In formal learning situations, they prefer lectures and reading and require time to think [25] . Teachers should act as subject experts [16, 17, 26] in order to effectively work with these students.
Students who prefer the convergent learning style are the best at the practical use of ideas and theories [25] . They aspire to answer the question "How is the concept applied?" [17] . They prefer solving problems and making decisions based on rational solutions. Also, they prefer practical problem solving rather than dealing with social and interpersonal issues. Individuals with a convergent learning style are typically logical, pragmatic and unemotional. In formal learning situations, they prefer experimenting with ideas and participating in simulations, laboratory work and research, as well as working with practical applications [25] . In order to effectively work with these students, teachers should act as standard setters/evaluators [26] .
Individuals who prefer an accommodating learning style have a strong ability to learn from direct experience and function well in ambiguous and uncertain situations. Students with an accommodating learning style enjoy achieving challenging goals and facing challenging endeavors. They tend to act on intuition rather than logic. They aspire to answer the question "What are the possibilities?". In formal learning situations, they prefer field work and working with others [25] . In order to effectively deal with these students, teachers should ask straight questions and create opportunities for problem-based learning [16] , thereby acting as coaches [26] .
EXPERIMENTAL SECTION

Aim of the research
This research was conducted with the aim of answering several research questions: which general chemistry content is difficult for Serbian grammar school students, what learning styles do students prefer and how does the achievement in chemistry differ between students with different learning styles? The answers to these questions could be important and helpful for teachers because they could provide them with additional information about teaching topics that require greater attention in the learning process. Teachers could also gain insight into student learning strategies and could choose appropriate teaching activities in accordance with the individual preferences of their students, and all that could make the learning process more effective.
Participants
The research was carried out on a sample of 265 second grade students (the age range was 15-16) from seven grammar schools in Vojvodina (Serbia). The sample comprised 40.0% male and 58.9% female students, with three students (the remaining 1.1%) choosing not to submit gender information. Prior to the research, the school principal and teachers were asked permission to conduct the research. Respondents were volunteers who agreed to participate in the study anonymously and were informed that the results would only be used for scientific purposes. The study was conducted during regular chemistry classes. After completion of the study, students were informed about their preferred learning styles.
Instruments
Students' achievement was measured using a knowledge test, which was constructed for the purpose of this research. It consisted of 17 questions. Tasks in the test were formulated as multiple choice questions because these are most commonly applied in practice [27] ; they enable the testing of the large amounts of content, answering a large number of questions in a relatively short time, and the possibility of guessing the correct answer is less likely than in alternative type questions [28] . The test covered the general chemistry content in accordance with grammar school curriculum and the recommended textbook [29] . It comprised the following topics: Types of substances, Atomic structure, Chemical bonding, Disperse systems, Chemical reactions, Acids, bases and salts, and Redox reactions. Every correct answer was given one point. The knowledge test is provided in the Appendix I as supplementary material.
The students' learning styles were identified using Learning Style Inventory, LSI version 3.1. [30] . The questionnaire consists of 12 items which are responded to by ranking the offered answers with the numbers 1-4 in the order which best describes the individual learning style (1 -refers least to the respondent, to 4 -refers most to the respondent). The information about students' individual learning styles was obtained in the manner described in Kolb [30] . In the first step, individual scores on four subscales: concrete experience (CE), abstract conceptualization (AC), active experimentation (AE) and reflective observation (RO) were identified based on the students' selfassessment. This was followed by calculating values (AC-CE) and (AE-RO) to determine their preferences in the dimension of grasping experience and information processing. Finally, each student's preferred style was determined as accommodating, divergent, convergent or assimilating.
Data analysis
The knowledge test was characterized by pre-test and post-test quality assurance characteristics according to the model described in Segedinac, Segedinac, Konjović and Savić [31] . According to this model, the pre-test quality assurance assessment involves multiple validations of tests in terms of the variety of questions, the adequacy of the terminology used, the meaning of the requests, and the length of the sentences. Pre-test quality assurance characteristics were evaluated by an expert group comprised of a university professor, a research associate and a professor of chemistry from a grammar school. Post-test quality assurance characteristics involved the calculation of descriptive and psychometric indicators of knowledge tests.
Students' learning styles were determined in the manner described in Kolb [30] . One-way analysis of variance (ANOVA) was applied to test the difference in achievement between groups of students with different learning styles. Preliminary testing confirmed the assumption of normality and homogeneity of variance. The IBM SPSS (version 21) software package was used for statistical data processing.
RESULTS
Chemistry аchievement
The chemistry knowledge test was applied to identify learning topics that are the most difficult for students. This test included general chemistry content from all 7 topics covered by the curriculum in R. Serbia: Types of substances, Atomic structure, Chemical bonding, Disperse systems, Chemical reactions, Acids, bases and salts, Redox reactions. The Cronbach's alpha coefficient was 0.76 and the reliability of the test could be considered satisfactory [32] . The average score of the test was 8.32 points. The best score was the maximum 17 points, while the lowest result was 1 point. To reduce the possibility of students guessing the correct answer, the suggestion was made to have students leave the question unanswered if they did not know it. Descriptive parameters of the test are shown in Table 1 . The number of questions for a topic was proportional to the number of classes planned for that topic. The test comprised questions of the three levels of difficulty, according to Bloom's taxonomy of educational goals: knowledge, understanding and application levels. Item difficulty levels ranged from 0.28 to 0.91, with the total value of 0.51 for the whole test, which is considered optimal [33] . Indices of discriminations for the questions in the test ranged from 0.29 to 0.48. According to the criterion established by Ebel and Frisbie [34] , all questions have acceptable values for discrimination indices. All of these characteristics indicate that the applied test is reliable and has acceptable characteristics, and can therefore be used for research purposes.
Students' learning styles
In order to investigate the differences in achievement in chemistry tests for students with different learning styles, it was necessary to identify the individual learning style for each participant. Preferred learning styles were determined using LSI (version 3.1) which is one of the most frequently used inventories, characterized by good internal consistency [23, 35, 36] . Values for the internal consistency coefficients obtained in this research were: 0.72 for CE, 0.63 for RO, 0.71 for AC and 0.62 for AE. These values are in accordance with the values obtained in other studies [22] and can be considered satisfactory. The representativeness of the items expressed by the normalized Kaiser-Meyer-Olkin (KMO) coefficient is high and amounts to 0.74. The values of skewedness and kurtosis range from -0.25 to 0.73. Such a distribution of results can be described as normal, which makes data suitable for further statistical analysis.
Learning styles of students
The values obtained for the four stages of the learning cycle are shown in Figure 1 . As indicated by the data obtained for a learning cycle, respondents' AC is more pronounced than their CE in the dimension of grasping experience, while in the dimension of transforming experience, RO (observation) is more pronounced than AE (action).
Based on the values obtained in dimensions AC-CE and AE-RO, it is possible to identify students' preferred learning styles. The distribution of the students' learning styles identified using the LSI instrument, defined as accommodating, assimilating, divergent and convergent, is shown in Figure 2 .
As indicated by the results, the majority of surveyed students prefer the assimilating learning style. This style is preferred by 140 students (52.8%), followed by divergent learning style (25.7%), and convergent learning style (13.6%), while the accommodating learning style is the least frequent (7.9%). The chi-squared matching test shows that learning styles in the sample are present in varying degrees:  
Relationship of learning style and chemistry achievement
According to the preferred style of learning, students were divided into four groups. One-way analysis of variance (ANOVA) was used to examine differences in achievement between students with different learning styles ( Table 2) . Descriptive characteristics of the knowledge test show that the distribution of results is normal (Skewedness = 0.44; Kurtosis = 0.07). Levene's test was applied to check the assumption on normality and homogeneity of variance. The obtained results confirmed the assumption (F = 1.704, p = 0.13). As seen from the values shown, the highest scores were achieved by students who prefer a convergent learning style and the lowest by students with a divergent style. In other words, students who are pragmatic, and who prefer problem solving, experimentation and laboratory work have the highest achievement. A statistically significant difference at p < 0.05 was found between the results of the knowledge test for the four respondent groups. The eta squared statistic was 0.03, which indicates a small effect size.
T a b l e 2
Achievement of students on the knowledge test in relation to students' learning styles
The groups which differ from each other were identified using the post hoc Tukey HSD test (Table 3) . Subsequent comparisons using the Tukey HSD test have shown that only the mean value of the group of students with convergent learning style is significantly different from the mean value of the group of students who prefer divergent learning style, while the differences between other groups of students were not statistically significant. According to these findings, it can be confirmed that the achievement of students in chemistry depends on the preferred learning style. This indicates that there is consistency in the material that is difficult for students to learn and understand, regardless of the preferred learning style. In a previous study, it was also found that the role of learning styles on academic performance on the fundamental chemical concepts (Atomic structure, Periodic system of chemical elements and Chemical bonding) was not statistically significant [37] .
T a b l e 3
Results of the
DISCUSSION
In this study, we investigated the distribution of learning styles in grammar school students and the differences in chemistry achievement between students who prefer different learning styles. An analysis of arithmetic means of student achievements for each task revealed that the most common problems were related to the topics of Chemical reactions and Redox reactions. Students had the lowest score in questions which required them to name those factors which affect the equilibrium constant of a reaction, calculate the numerical value of the equilibrium constant, and understand the process of salt hydrolysis. Students also had difficulties identifying redox reactions and determining the oxidation states of elements in compounds. The highest scores were recorded in tasks concerning types of substances and molar mass. Students were successful in distinguishing pure substances (elements and compounds) from mixtures, and in choosing the correct unit for the molar mass.
The obtained results are in accordance with numerous previous studies. Van Driel and Gräber [12] found that students have difficulties understanding the chemical equilibrium concept, from understanding the nature of reversible reactions to understanding the Le Chatelier's principle. Summarizing several previous studies, Kind [38] pointed out difficulties faced by students in understanding that the equilibrium constant K always has a constant value for a specific reaction at a specific temperature and is calculated using Equilibrium Law, which was confirmed in the present study. The students participating in this research scored the lowest number of points in questions that addressed the factors which affect the equilibrium constant K and the calculation of the numerical value of equilibrium constants.
Students' difficulties in understanding the chemical equilibrium deserve special attention because this is a very important chemical concept. Voska and Heikkinen [39] developed a two-step diagnostic instrument to identify student conceptualizations (TISC) related to the application of Le Chatelier's principle, the equilibrium constant and the impact of the catalyst. By applying this test, the most common misconceptions were identified in the sample of students. These authors established that over 60% of students believe that it is possible to predict the effect of temperature change on chemical equilibrium without knowing whether the reaction is exothermic or endothermic. Also, the same number of students think that the addition of the common ion in the solution-precipitate equilibrium system leads to better solubility of the precipitate. In another research, Kind [38] stated that it was necessary for students to understand the mathematical relationship between the equilibrium constant K and the concentration of the reactants and reaction products in order to overcome the identi-fied problems concerning a misunderstanding of the equilibrium constant. Only when they learn this will students be able to understand why temperature affects equilibrium. Also, we must be aware that the chemical equilibrium concept is very specific in terms of the chemical language. It has been established that a lack of understanding of the chemical language is one of the key factors for the misunderstanding of this concept [11] . Therefore, the proper use of terminology and consistency in its use is very important. Research has shown that the application of appropriate worksheets [13] and cooperative learning using the Jigsaw Technique [14] leads to the increase in student achievement in the content related to chemical equilibrium.
The concept of a chemical equilibrium in a water solution of salts is also a point of misunderstanding among students. In a previous study by Orwat et al. [10] , it was found that students were able to determine the acidity of the water solution of a substance on the basis of its chemical formula, while they were unsuccessful in writing chemical equations that explain the phenomena of hydrolysis. In our research, students could not even predict the pH value of the salt solution. Understanding a complex process of hydrolysis requires knowledge of other basic concepts such as equilibrium processes, acids and bases, pH values, chemical bonds, etc. De Jong and Treagust [15] reached the same conclusions: they also pointed out the problems in understanding the oxidation-reduction concept, such as recognizing the relative strength of oxidizing and reducing agents and the concept of the oxidation state, as well as identifying redox reactions on the basis of chemical equations. The students in our research had the same difficulties.
One of the possible explanations for students having the lowest achievement in the listed tasks is that the related topics contain a lot of concepts that are abstract to them. However, this cannot be the only reason, since in the questions related to other, as well as abstract areas such as atomic structure and chemical bonding, students scored much better. The analysis of the curriculum shows that some parts of the material are completely new to students, while others represent an upgrade of the content of the Chemistry course in elementary school, as well as of other courses (for example, the term isotope is also thought in Physics course). The tasks in which the students had the lowest achievement are those that are related to the topics that were first introduced in the curriculum of chemistry for grammar schools. In addition, teachers' instructions were often oriented to the purely academic approach to chemistry rather than relating chemistry to everyday life phenomena. Teaching and learning chemistry requires a broader perspective and meaningful learning [40] which can be achieved by presenting students with problems that relate to everyday life and satisfy their curiosity while increasing their motivation for learning [41] .
The present research is based on the use of Kolb's Learning Style Inventory (LSI), which many authors [22, 23] consider to be one of the most widely used measures for identifying preferred learning styles. Our research shows that most students in the sample preferred the assimilating learning style, followed by the diverging and converging styles, while the accommodating style was the least present in students. A similar distribution of learning styles has been identified in previous national surveys [42] . In other research studies, the assimilating learning style has also been identified as the most preferred [43, 44] . This can be explained by the fact that, in formal learning situations, students with an assimilating learning style prefer teachers' lectures [25] , which is still the dominant form of instruction in schools in R. Serbia [3] . The above indicates that, in learning chemistry, students like to know the facts, present them in an organized and logical form, and are good at systematizing a wide range of information into a logical structure. Since laboratory and independent research work is less common in Serbian schools [3] , it may explain the smaller number of students with a convergent learning style. Finally, the result that the number of students who prefer accommodating learning style is the lowest can probably be explained by the assumption that confronting students with challenging requirements, open issues and opportunities for learning through problem solving is the least represented.
The results revealed that there are significant differences in chemistry achievement between the groups of students who have different learning style preferences. Additionally, it has been documented that those students with the highest achievements prefer the convergent learning style. This means that the highest achievements in chemistry are scored by students who try to answer the question of how to apply the concept. Namely, these students are characterized by logic and pragmatism, and a tendency to solve practical tasks and problems, experimenting with ideas and participating in simulations and laboratory work. According to our knowledge, no study has been carried out in which, using the LSI, the identified learning styles are related to the achievement in chemistry, and there are no relevant results with which the results obtained in this study could be directly compared.
CONCLUSION, LIMITATIONS AND IMPLICATIONS FOR FURTHER RESEARCH
Generally speaking, students who prefer a convergent learning style have the highest achievements in chemistry; the most successful are pragmatic students who like laboratory work and practical problem solving. However, the obtained results confirm that all students have difficulties in studying certain chemical concepts, such as chemical equilibrium, salt hydrolysis and oxidationreduction reactions. Students do not understand the meaning of the concept of the equilibrium constant, nor are they able to calculate its numerical value. Also, students cannot predict the acidity of aqueous solutions of inorganic salts due to their hydrolysis. Students are not able to recognize oxidation-reduction reactions on the basis of the reaction equation, nor can they determine the oxidation states of the elements in the compounds. Given that these concepts create difficulties in learning and understanding among all students equally, the implication of this research is the need to devote more attention to their study, not only on the theoretical (abstract) level, but also to link these concepts to the phenomena in everyday life.
The limitation of this study could be found in the sample of respondents and the sample of chemistry content. Namely, the tested students only attended grammar schools and had a single educational profile. Also, only students' knowledge of general chemistry concepts was investigated. Therefore, in further research, secondary students of other educational profiles with curricula that include chemistry courses (with broader or narrower syllabi) should also be surveyed, and their knowledge of other chemistry disciplines (such as organic chemistry, physical chemistry, chemical technology, etc.) should be tested. Such research could provide additional information on the distribution of learning styles and the differences in chemistry achievement among students who prefer different learning styles. In addition to all of the above, it should be noted that despite considerable empirical support for Kolb's theory of experiential learning, there are criticisms of the theory and inventory that limit its use. Manolis et al. [21] pointed out that the ipsative nature of the scale limits its psychometric qualities and also stated that the length of the scale (48 questions) is the disadvantage. Finally, the degree to which an individual possesses a particular learning style cannot be determined -the scale only identifies the individual's preferred style.
